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DISTRIBUTED RIDESHARING VEHICLE
MANAGEMENT

BACKGROUND

The present invention relates generally to the field of
transportation resource management, and more particularly
to distributed transportation resource sharing.

Ridesharing 1s a term used to describe a transportation
service where the driver of a vehicle and a rider have a
common destination. The driver will then share the vehicle
with the nider and, in turn, the nnder will make a payment to
the driver, which subsidizes the cost of the trip for the driver.
Ridesharing is typically booked in real-time over the internet
using a website or with a smartphone application to connect
passengers with ridesharing drivers.

A distributed public ledger (e.g., a blockchain) 1s a system
in which information 1s recorded and maintained across a
plurality of computing devices that are linked together 1n a
peer-to-peer network. The recorded ledger entries can com-
prise many forms, including a transter of money, ownership,
a financial transaction, a person’s i1dentity, personal infor-
mation, or an agreement between two parties.

SUMMARY

Embodiments of the present invention disclose a method,
computer program product, and system for managing ride-
sharing vehicles by receiving passenger data comprising
pick-up and drop-oil location data of passengers, recording,
the passenger data in one or more queues corresponding to
one or more pick-up locations of the pick-up location data,
and sending information associated with a first pick-up
location to a first vehicle. In response to the first vehicle
arriving at the first pick-up location, extracting data of
passengers exiting the first vehicle at the first pick-up
location, retrieving passenger data from a first queue corre-
sponding to the first pick-up location according to a capacity
of the first vehicle, and updating a passenger ledger of the
first vehicle according to the data of the passengers exiting
the first vehicle at the first pick-up location and the passen-
ger data retrieved from the first queue.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram 1llustrating a distrib-
uted ridesharing environment, 1n an embodiment 1 accor-
dance with the present invention.

FIGS. 2A and 2B are schematic illustrations of taxi
boarding routes within a plurality of service areas, for
traveling to a final destination using multiple rndesharing
taxis across the plurality of service areas, 1n an embodiment
in accordance with the present imnvention.

FIGS. 3A and 3B are schematic illustrations of route
selection logic for a taxia within a plurality of service areas,
in an embodiment 1n accordance with the present invention.

FIG. 4 1s a schematic 1llustration of a blockchain data
structure for 1dentifying passengers, authenticating drivers,
and billing, 1n an embodiment in accordance with the present
invention.

FIG. 5 1s a flowchart depicting operational steps of a
rideshare management software, on a server computer
within the distributed nndesharing environment of FIG. 1, for
receiving information and scheduling a pickup, in an
embodiment 1n accordance with the present invention.

FIG. 6 1s a flowchart depicting operational steps of a
rideshare management software, on a server computer
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2

within the distributed ridesharing environment of FIG. 1, for
processing passenger data upon the arrival of a taxi, 1 an

embodiment 1n accordance with the present invention.

FIG. 7 1s a flowchart depicting operational steps of a
rideshare management software, on a server computer
within the distributed ridesharing environment of FIG. 1, for
processing passenger data upon reaching a drop-ofl location,
in an embodiment 1n accordance with the present invention.

FIG. 8 depicts a block diagram of components of the
server computer executing the rideshare management soft-
ware, 1n an embodiment 1n accordance with the present
invention.

DETAILED DESCRIPTION

Embodiments in accordance with the present invention
include methods applied to the transportation of individual
passengers using ridesharing vehicles and services. The
methods of these embodiments may further be applied to the
transportation of goods using multiple carriers as well the
transportation of individuals and goods using diverse carri-
ers, such as combinations of airplanes, trains, ships, cars and
trucks for different segments of an overall routing to trans-
port goods from a starting point to a destination point.

Embodiments 1n accordance with the present invention
recognize that public transportation systems, such as busses
and taxis, have limitations on carrying capacities which can
result 1n many passengers experiencing severe weather
conditions while waiting at bus and taxi stands 1n extremely
long queues for several hours. For example, when events
such as mass power outages occur, public transportation
services may be reduced to public busses and taxis services.
During these outages, public transportation systems can
experience high volumes of passengers which result 1n
extremely long queues and wait times that can last several
hours.

Embodiments 1n accordance with the present invention
will now be described 1n detail with reference to the Figures.
FIG. 1 1s a functional block diagram, generally designated
100, 1llustrating a distributed ridesharing environment, 1n an
embodiment 1n accordance with the present invention

Distributed ridesharing environment 100 includes taxi
102, server 120, and other computing devices (not shown),
all interconnected over network 116. Taxi 102 1includes
random access memory (RAM) 104, central processing unit
(CPU) 106, persistent storage 108, speaker 110, and micro-
phone 112. Taxi 102 may contain a Web server, or any other
clectronic device or computing system, capable of process-
ing program instructions and receiving and sending data. In
some embodiments, taxi 102 may include a laptop computer,
a tablet computer, a netbook computer, a personal computer
(PC), a desktop computer, a personal digital assistant (PDA),
a smart phone, or any programmable electronic device
capable of communicating over a data connection to net-
work 116. In other embodiments, taxi 102 may utilize
multiple server computing systems comprised ol multiple
computers as a server system, such as in a distributed
computing environment. In general, taxi 102 1s representa-
tive of any electronic device or combinations of electronic
devices capable of executing machine-readable program
instructions and communicating with server 120 via network
116 and with various components and devices (not shown)
within distributed ridesharing environment 100.

Tax1 102 includes persistent storage 108. Persistent stor-
age 108 may, for example, be a hard disk drive. Alterna-
tively, or in addition to a magnetic hard disk drive, persistent
storage 108 may include a solid-state hard drive, a semi-
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conductor storage device, read-only memory (ROM), eras-
able programmable read-only memory (EPROM), flash
memory, or any other computer-readable storage medium
that 1s capable of storing program instructions or digital
information. Taxi 102 may include internal and external
hardware components, as depicted and described 1n further
detail with respect to FIG. 8.

In an embodiment, rideshare management software 114 1s
stored 1n persistent storage 108, which also includes oper-
ating system software (not shown), as well as software that
cnables taxi 102 to perform passenger rideshare manage-
ment and communicate with server 120 and other computing,
devices (not shown) of distributed ndesharing environment
100 over a data connection on network 116. In other
example embodiments, rideshare management software 114
may be a component of an operating system software.

Rideshare management software 114 1s a computer pro-
gram, or a set of computer programs, that are stored in
persistent storage 108. Rideshare management soitware 114
cnables a user to register with the software, provide a
pick-up location and drop-off location, and to have their
travel and associated billing, managed by the rideshare
management soitware.

In an embodiment, taxi 102 includes speaker 110 (1.e.,
human interface element). Speaker 110 1s used by rideshare
management software 114 to emit sounds to alert passengers
when arriving to pick up areas. For example, when taxi 102
approaches a designated pickup area, rideshare management
soltware 114 can emit one or more sounds using speaker 110
to alert passengers of the arrival of taxi 102. In other
example embodiments, rideshare management software 114
can emit sounds to warn passengers to make sure the area
outside taxi 102 1s safe before exiting the vehicle. In other
example embodiments, speaker 110 can be used as a Blu-
ctooth speaker by a passenger using a smartphone.

In an embodiment, taxi 102 includes microphone 112.
Microphone 112 enables taxi 102 to capture one or more
audio streams of one or more passengers in the physical
space mside of tax1 102. For example, a passenger can speak
a verbal command to rideshare management software 114 to
alter a taxi route or a final destination. In one example
embodiment, a passenger of taxi 102 can manually enable/
disable microphone 112. In other example embodiments,
microphone 112 can be enabled/disabled by rideshare man-
agement software 114. In yet another example embodiment,
rideshare management soitware 114 can recerve audio data
(e.g., a command from a passenger), as part of an authen-
tication process when the passenger enters taxi 102.

In an embodiment, taxi 102 can further include one or
more display elements 113. Display elements 113 can com-
prise simple lighting elements, such as mono or multi-color
light emitting diode (LED) elements used for purposes or
signaling to passengers. In an embodiment, display elements
113 comprise digital display elements adapted to display
simple or multimedia output from the Rideshare manage-
ment software 130.

In FIG. 1, network 116 1s shown as the interconnecting,
fabric between taxi 102, server 120, and with wvarious
components and devices (not shown) within distributed
ridesharing environment 100. In practice, the connection
may be any viable data transport network, such as, for
example, a LAN or WAN. Network 116 can be for example,
a local area network (LAN), a wide area network (WAN)
such as the Internet, or a combination of the two, and include
wired, wireless, or fiber optic connections. In general, net-
work 116 can be any combination of connections and
protocols that will support communications between taxi
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4

102, server 120, and with various components and devices
(not shown) within distributed rndesharing environment 100.
Server 120 1s included 1n distributed ridesharing environ-
ment 100. Server 120 includes random access memory
(RAM) 122, central processing unit (CPU) 124, and persis-
tent storage 126. Server 120 may be a Web server, or any
other electronic device or computing system, capable of
processing program 1instructions and receiving and sending
data. In some embodiments, server 120 may be a laptop
computer, a tablet computer, a netbook computer, a personal
computer (PC), a desktop computer, a personal digital
assistant (PDA), a smart phone, or any programmable elec-
tronic device capable of communicating over a data con-
nection to network 116. In other embodiments, server 120
may represent server computing systems utilizing multiple
computers as a server system, such as in a distributed
computing environment. In general, server 120 1s represen-
tative of any electronic devices or combinations of elec-
tronic devices capable of executing machine-readable pro-
gram 1instructions and communicating with taxi 102 via
network 116 and with various components and devices (not
shown) within distributed ridesharing environment 100.

Server 120 includes persistent storage 126. Persistent
storage 126 may, for example, be a hard disk drive. Alter-
natively, or in addition to a magnetic hard disk dnive,
persistent storage 126 may include a solid-state hard drive,
a semiconductor storage device, read-only memory (ROM),
erasable programmable read-only memory (EPROM), flash
memory, or any other computer-readable storage medium
that 1s capable of storing program instructions or digital
information. Rideshare management software 130, passen-
ger ledger 132, boarding ledger 134, and passenger queue
136 are stored 1n persistent storage 126, which also includes
operating system software, as well as software that enables
server 120 to detect and establish a connection to taxi 102
and communicate with other computing devices (not shown)
of distributed ridesharing environment 100 over a data
connection on network 116.

Rideshare management software 130 1s a computer pro-
gram, or set ol computer programs, that are stored 1n
persistent storage 126. Rideshare management soitware 130
enables a passenger to register with the service and provide
a starting location and final destination. Rideshare manage-
ment software 130 then adds the passenger to the appropri-
ate passenger queue and calculates a wait time for the
passenger according to the status of system taxis as
described below.

Persistent storage 126 further includes one or more pas-
senger ledgers 132. The passenger ledgers contain passenger
ledger entries which include a passenger identifier, the
passenger’s pick-up and drop-off locations, and the current
status of the passenger—the taxi number the passenger 1s
riding in, or a waiting status for the passenger at a taxa stop.

Persistent storage 126 includes one or more boarding
ledgers 134, which include ledger entries for each taxi, the
ledger entries contain a taxi identifier, the start and stop
locations for the current trip, as well as passenger 1dentifiers
together with the pick-up location and drop-oil location of
cach passenger.

Persistent storage 126 can also include one or more
passenger queues 136. The entries of the passenger queues
are specific to each taxi boarding location. The entries
provide information relating to the passengers currently
waiting at each traflic stop. The passenger entries can be
ranked according to the time each passenger arrived at, or
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registered with, the taxi stand. Passengers may be assigned
to arriving taxis according to their ranking 1n the passenger
queues.

FIGS. 2A and 2B schematically illustrate taxi boarding
routes within a plurality of service areas, for traveling to a
final destination using multiple ridesharing taxis across the
plurality of service areas, 1n an embodiment in accordance
with the present mvention. Routing for passengers travers-
ing multiple service areas can be improved by taking a
passenger from a pick-up location to their final drop-ofl
location using multiple vehicles with each vehicle remaining
within the boundaries of the vehicle’s service area. As
provided i FIG. 2A, a geographic region 1s defined by
overlapping sub-geographic regions, or service areas, 202,
204, 206, 208, and 210. As directed by the rideshare man-
agement soltware 130, a passenger travelling from pick-up
location 212, to final drop-off location 218, could take a
single taxi across service areas 202, 206, and 208 thereby
arriving at drop-ofl location 218 leaving a taxi driver from
service area 202 at a location 1n service area 208, potentially
wasting taxi resources. In an embodiment, the passenger
leaves pick-up location 212, 1n a first taxi and travels across
service area 202 to a first pick-up, drop-oil location 214, at
the edge of service area 202 and within service area 206.
Pick-up, drop-off locations can be a taxi stand or landmark
known to have regular taxi service. The passenger then takes
a second taxi from pick-up, drop-ofl location 214, across
service area 206, to pick-up, drop-oil location 216, at the
edge of service area 206 and within service area 208. The
passenger then takes a third taxi from pick-up, drop-oil
location 216, to their final drop-off location 218.

FIG. 2B 1llustrates the travels of three passengers, A, B,
and C. A wishes to travel from pick-up location 212 to final
drop-ofl location 220. B wishes to travel from pick-up
location 212 to final drop-off location 222. C 1s waiting 1n
the queue at pick-up, drop-oil location 214 and also wishes
to travel to final drop-ofl location 220. As provided 1n FIG.
2B, directed by the rideshare management software 130,
passengers A and B, take a first taxi from pick-up location
212, across service area 202 to pick-up, drop-ofl location
214, at the edge of service areas 202, 204, and 206. A joins
C 1n the queue from drop-ofl location 214, to final drop-oif
location 220. A and C then share a second taxi across service
arca 204, to their final drop-ofl location at 220. Passenger B
joins the queue from pick-up, drop-ofl location 214 to their
final drop-oil location 222, and then takes a third taxi from
pick-up, drop-off location 214 across service area 206, to
their final destination at 222.

FIGS. 3A and 3B are schematic illustrations of route
selection logic for a taxi within a plurality of service areas,
in an embodiment 1n accordance with the present invention.
FIG. 3A shows the route selection logic for a taxi at taxi
stand 308. First, the logic considers the destinations the
passengers waiting in the queue at taxi stand 308, beginning,
with the first passenger 1s the queue. When the queue 1s
empty, the logic next considers which taxi stand (304, 306,
or 310) 1n the service area 302, has the longest queue. The
length of the queue 1s calculated as the sum of the waiting
times of all of the passengers in the queue at the time of
calculation. This logic can lead to situations where no taxis
travel to taxi stand 306 as long as there are passengers
waiting at taxi stand 308 and none of them wishes to travel
to taxi stand 306. In these situations, the queue at taxi stand
306 may persist for a long time. A resolution to this 1ssue can
be to have an empty taxi travel from taxi stand 308 to taxi
stand 306, even though there are passengers waiting at taxi
stand 308. The logic may also consider the overall time
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required for a multi-stop route. According to the figure, taxis
should be routed from taxi stand 308 to taxi stand 306 and
then taxi stand 304, when the time required for that route 1s
less than routing the taxi from taxi stand 308 to taxi stand
304 and finally to taxi stand 306.

FIG. 3B schematically illustrates alternative route selec-
tion logic, according to an embodiment of the invention. In
this embodiment, the waiting time associated with future,
soon-to-be-arriving passengers 1s included 1n calculating the
length of the queue at each taxi stand of the service area. The
length of the queue when the taxi will arrive at the taxi stand
1s calculated rather than the length of the queue when the
tax1 1s leaving 1ts starting location. As shown 1n the figure,
a first taxi 314 1s preparing to leave taxi stand 308 for either
tax1 stand 306 or taxi stand 304. The system calculates that
it will take first taxi 314 10 minutes to arrive at either of the
tax1 stands, 304, and 306. There 1s currently a single
passenger at taxi stand 304 who has been waiting for 10
minutes, so 1 ten minutes the total length of that queue will
be 1 passengerx20 minutes=20 minutes total. Taxi 312,
carrying four passengers, will arrive at taxi stand 306 in 4
minutes. In ten minutes, when taxi 314 could be arriving at
tax1 stand 306, those four passengers will have waited 6
minutes for a total queue length of 4 passengersx6 min-
utes=24 minutes total. Taxi 314 should proceed to taxi stand
306 to minimize the overall waiting time of system passen-
gers.

In an embodiment, the determination of the route(s) for a
passenger proceeds as follows: service areas to be traversed
are determined, the transition points between service areas
are then determined. Considering the movement of passen-
ger A, from their pick-up to final drop-ofl locations, the
system considers alternative routes between pick-up and
drop-oil across multiple service areas. The system can define
traversing fewer service areas as more eflicient that travers-
ing more service areas. Though it may be possible to define
a route through more service arecas which appears more
eilicient than a route through fewer service areas, the system
can consider wait times at transier points as well as in-transit
timing to select the route with fewer service areas as
superior. Passenger turnover rates of diflerent service areas
can be considered 1n determining which of several routes to
select. A route through service areas having higher service
levels, and low passenger wait times, can be considered
superior to a route traversing the same number of service
areas but crossing service areas having a lower level of
service, and higher passenger wait times. Turnover rate can
be considered as the number of passengers served per unit of
time, e.g., passengers per hour.

Routes for vehicles carrying more than a single passenger
must also take into consideration the final drop-ofl locations
of all passengers. Such routes should mimimize the number
of service areas traversed and the waiting time for the
passengers as a group and not simply optimize the route for
the benefit of a single passenger to the detriment of the other
passengers.

After selecting the route 1n terms of service areas, the
system considers the transit points at the boundaries between
service areas. Transit point taxi stand information, including
location, current wait time, and historical wait time data can
be maintained 1 a master registry of the system held in
persistent memory of the system servers. The system evalu-
ates taxi stand options 1n terms of distance and travel time
considering local trathic conditions, as well as taxi stand
turnover rates and current passenger queues/turnover rates at
the stands. A taxi stand having a longer distance in terms of
transit time can be preferred if the current queue/turnover
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rate combination of that stand indicates less wait time for the
passengers than an alternative taxi stand having a shorter
transit time but a longer passenger queue/turnover rate
combination.

In an embodiment, passengers can share a taxi for the final
segment of their respective journeys. Each passenger may
have a destination within the service area of the taxi. In this
embodiment, the system calculates a route based upon the
combined transit time for the passengers. As an example, A,
B, and C, board a taxi at a taxi stand. Fach passenger’s
destination 1s within the local service area. The system
compares the routes: A-B-C; A-C-B; B-C-A; B-A-C; C-A-
B: and C-B-A; in terms of the total transit time for each
route. The system then selects the route having the shortest
total travel time.

In an embodiment, the system connects many passengers
and different taxi companies and ridesharing services. Taxi
companies, taxis, and passengers can access a common
ledger for authentication of taxi—passenger combinations,
queuelng, routing, records of boarding and departing, and
billing purposes. In this embodiment, the common ledger
can use blockchain technology to provide secure authent-
cation and record keeping. The blockchain can be either a
public distributed ledger blockchain, or a private ledger held
by a system admimistrating company. In an embodiment, a
boarding or departing passenger provides a system provided
marker, such as a barcode, QR code, or other marker, to the
tax1 driver using a device such as a smart phone. The driver
uses a scanner built into the taxi, or the driver’s smart phone
to accept the marker, the system can authenticate the taxi to
the passenger and the passenger to the taxi and record the
boarding/departure of the passenger by updating approprate
ledger entries.

FI1G. 4 1s schematic illustration, generally designated 400,
illustrating a blockchain data structure for identifying pas-
sengers, authenticating drivers, and billing, 1n an embodi-
ment 1 accordance with the present invention. As provided
in the figure, passengers A and B are in a queue at taxi stand
402. The passenger queue for taxi stand 402, includes entries
408 and 410 from the passenger ledger with trip information
for each of A and B. A route 1s planned for A from 402 to
404, and for B from taxi stand 402, to taxi stand 404, and
then to taxi stand 406. After A and B board taxi 102,
boarding ledger entry 414, includes ledger entries 408 and
410. The queue for taxi stand 402, 1s now empty.

After tax1 102 arrives at taxi stand 404, (A’s final drop-oft
location according to ledger entry 408), taxi stand 404°s
queue 1ncludes ledger entries 410 and 412 for each or B, and
C. B and C board taxi 416 departing from taxi stand 404 to
taxi stand 406. The passenger ledger entry for A 1s now
cleared. Boarding ledger entry 414 for taxi 416 now includes
ledger entries 410 and 412 for the two passengers 1n the taxi.
After the arrival of taxi 416 at taxi stand 406 (the final
destination of each of B and C, the boarding ledger entry for
tax1 416 will be cleared, as will the passenger ledger entries
for B and C.

FIG. 5 1s a flowchart, generally designated 500, depicting,
operational steps of a rideshare management software, on a
server computer within the distributed ridesharing environ-
ment of FIG. 1, for receiving information and scheduling a
pickup, mn an embodiment in accordance with the present
invention. As shown 1n the figure, after program start, the
rideshare management software receives passenger informa-
tion including pick-up and drop-ofl information from a
potential passenger, at 502. The passenger has registered
with a service using the software. Passenger identifying and
contact mformation 1s entered into the passenger ledger of
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the system, together with their current location and desired
pick-up and drop-ofl information. The system determines
transit points for the passenger’s route according to available
tax1 stand points and the passenger’s indicated pick-up and
drop-oil information at 504. At 506, the system adds infor-
mation from the passenger ledger to the passenger queue for
the determined transit point. The information includes pas-
senger 1dentifiers, start and destination information from the
passenger ledger, and a registration time associated with the
order 1n which passengers are added to the queue. At 508,
the passenger information 1s added to the boarding ledger.
The entry includes passenger information (identity and
contact information), pick-up and drop-oil information, cur-
rent status (taxi identifier or “waiting”), and calculated wait
time for the passenger.

FIG. 6 1s a flowchart, generally designated 600, depicting,
operational steps of a rideshare management software, on a
server computer within the distributed ridesharing environ-
ment of FIG. 1, for processing passenger data upon the
arrival of a taxi, 1n an embodiment 1n accordance with the
present nvention. After step 508 of FIG. 5, the system
notifies waiting passengers ol an arrival at their location at
602. The system evaluates the ledger entries of the waiting
passengers according to a ranking of the passengers in the
queue, beginning with the passenger at the head of the
queue. The system extracts data associated with passengers
getting out of the vehicle after it arrives at the location. The
system updates the passenger ledger of the vehicle using the
extracted mformation and reconciles the capacity of the
vehicle with the exiting passengers to determine the avail-
able capacity of the vehicle. The system determines which
passengers can be grouped nto a taxi taking the first
passenger further along their journey and notifies the first
passenger and as many other passengers as can be efliciently
accommodated with the first passenger, up to the capacity of
the arriving vehicle, of the arrival, at 604. Notified passen-
gers can be provided with identifying information about the
arriving vehicle, vehicle type, color, registration and or
license plate number, etc. In one embodiment, each notified
passenger 1s provided with a ringtone or other audible
marker which will match audible content played by their
matched arriving taxi. In an embodiment, the passengers are
provided with a visual marker which will be matched by
display elements of the matched arnving taxi. In this
embodiment, the passenger may be a color pattern and the
arriving taxi may display the same pattern upon an external
display element of the vehicle. At 606, the system modifies
the relevant ledger entries of the passenger ledger to change
the status of the passengers from waiting to the matched taxi
number. At 608, the system changes the boarding ledger
entries of the arriving taxi as passengers get out and as new
passengers get . The boarding ledger entries reflect the

passenger manifest of the soon to be departing taxi. The
method then proceeds to step B of the tlowchart 700, of FIG.
7.

FIG. 7 1s a flowchart, generally designated 700, depicting,
operational steps of a rideshare management software, on a
server computer within the distributed rnidesharing environ-
ment of FIG. 1, for processing passenger data upon reaching
a drop-oil location, in an embodiment 1n accordance with the
present invention. After B, the method addresses the steps
after the taxi arrives at its destination at 702. For each
passenger of the taxi as 1t arrives the system retrieves the
corresponding passenger ledger information at 704. At 706,
the system determines 1f the passenger has reached their
final destination. At 708, the system clears the passenger’s
information from the passenger ledger for those who have
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reached their final destination. At 710, the system changes
the passenger ledger entry for those who have not yet
reached their final destination, to waiting. The system then
checks, at 712, to determine if there are additional passen-
gers remaining in the taxi. If there are the system returns to
step 704 to evaluate the status of the other passengers.

At 714, the boarding ledger entries for the completed
routing are transierred to a historical ledger. Historical
ledger entries can be used for billing and otherwise analyzed
to evaluate user trailic and system usage patterns.

At 716, the system determines if service has ended for all
passengers, the program closes when all service has ended,
otherwise, the program continues to reference item “A” and
returns to step 602, to process arriving taxis across the
Service area.

In an embodiment, the disclosed inventions can be uti-
lized 1n the transportation of goods rather than individuals.
In this embodiment, discrete packages can be substituted for
passengers. Each package 1s registered with a system with an
identifier and the origin and destination of each package 1s
entered 1n a package ledger entry. Routes are calculated for
cach package according to origin and destination 1n terms of
transportation service arecas which will need to be traversed.
Packages can be gathered at distribution hubs by collection
services and then transported using a shared carrier across
the respective service areas until they are finally distributed
to final destination using a “last mile” carrier within the final
service area. In this embodiment, the service areas can span
the globe and transportation services can include cars,
trucks, trains, ships and airplanes.

FIG. 8 depicts a block diagram, generally designated 800,
of components of the server computer executing the ride-
share management software, 1n an embodiment in accor-
dance with the present invention. It should be appreciated
that FIG. 8 provides only an 1illustration of one implemen-
tation and does not imply any limitations with regard to the
environments in which different embodiments may be
implemented. Many modifications to the depicted environ-
ment may be made.

Taxi 102 includes communications fabric 802, which
provides communications between computer processor(s)
804, memory 806, persistent storage 808, communications
unit 810, and input/output (I/0) mterface(s) 812. Commu-
nications fabric 802 can be implemented with any architec-
ture designed for passing data and/or control information
between processors (such as microprocessors, communica-
tions and network processors, etc.), system memory, periph-
eral devices, and any other hardware components within a
system. For example, communications fabric 802 can be
implemented with one or more buses.

Memory 806 and persistent storage 808 are computer
readable storage media. In this embodiment, memory 806
includes random access memory (RAM) 814 and cache
memory 816. In general, memory 806 can include any
suitable volatile or non-volatile computer readable storage
media.

Rideshare management software 822 1s stored 1n persis-
tent storage 808 for execution by one or more of the
respective computer processors 804 via one or more memo-
ries of memory 806. Passenger ledger 824, boarding ledger
826, and passenger queue 828, utilized 1n the operations of
rideshare management software 822 are also stored in per-
sistent storage 808. In this embodiment, persistent storage
808 includes a magnetic hard disk drive. Alternatively, or 1n
addition to a magnetic hard disk drive, persistent storage 808
can include a solid-state hard drive, a semiconductor storage
device, read-only memory (ROM), erasable programmable
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read-only memory (EPROM), flash memory, or any other
computer readable storage media that 1s capable of storing
program 1nstructions or digital information.

The media used by persistent storage 808 may also be
removable. For example, a removable hard drive may be
used for persistent storage 808. Other examples include
optical and magnetic disks, thumb drives, and smart cards
that are inserted into a drive for transier onto another
computer readable storage medium that 1s also part of
persistent storage 808.

Communications unit 810, 1n these examples, provides
for communications with other data processing systems or
devices, including resources of network and client devices
(not shown). In these examples, communications unit 810
includes one or more network interface cards. Communica-
tions unit 810 may provide communications through the use
of erther or both physical and wireless communications
links. Rideshare management soitware 822 may be down-
loaded to persistent storage 808 through communications
unit 810.

I/O mterface(s) 812 allows for input and output of data
with other devices that may be connected to taxi 102. For
example, I/O iterface 812 may provide a connection to
external devices 818 such as a keyboard, keypad, a touch
screen, and/or some other suitable mput device. External
devices 818 can also include portable computer readable
storage media such as, for example, thumb drives, portable
optical or magnetic disks, and memory cards. Software and
data used to practice embodiments of the present invention,
¢.g., rideshare management soiftware 822, can be stored on
such portable computer readable storage media and can be
loaded onto persistent storage 808 via 1/O interface(s) 812.
I/O 1nterface(s) 812 also connect to a display 820.

Display 820 provides a mechanism to display data to a
user and may be, for example, a computer monaitor.

The programs described herein are i1dentified based upon
the application for which they are implemented 1n a specific
embodiment of the invention. However, 1t should be appre-
ciated that any particular program nomenclature herein 1s
used merely for convenience, and thus the invention should
not be limited to use solely 1 any specific application
identified and/or implied by such nomenclature.

The present invention may be a system, a method, and/or
a computer program product at any possible technical detail
level of mtegration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
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going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
istructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
or object code written 1n any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
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computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion of 1nstructions, which comprises one or more
executable 1nstructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted i the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks 1n
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

Definitions

“Present invention” does not create an absolute indication
and/or 1mplication that the described subject matter 1s cov-
ered by the initial set of claims, as filed, by any as-amended
set of claims drafted during prosecution, and/or by the final
set of claims allowed through patent prosecution and
included 1n the 1ssued patent. The term “present invention™
1s used to assist in mdicating a portion or multiple portions
of the disclosure that might possibly include an advance-
ment or multiple advancements over the state of the art. This
understanding of the term “present mvention” and the 1ndi-
cations and/or implications thereof are tentative and provi-
sional and are subject to change during the course of patent
prosecution as relevant information 1s developed and as the
claims may be amended.

“Embodiment,” see the definition for “present invention.”

“And/or” 1s the inclusive disjunction, also known as the
logical disjunction and commonly known as the “inclusive
or.” For example, the phrase “A, B, and/or C,” means that at
least one of A or B or C 1s true; and “A, B, and/or C” 1s only
false 11 each of A and B and C 1s false.

A “set of” 1items means there exists one or more items;
there must exist at least one 1tem, but there can also be two,
three, or more items. A “subset of”” items means there exists
one or more 1tems within a grouping of items that contain a
common characteristic.
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A “plurality of”” 1tems means there exists at more than one
item; there must exist at least two 1items, but there can also
be three, four, or more items.

“Includes” and any varnants (e.g., including, include, etc.)
means, unless explicitly noted otherwise, “includes, but 1s
not necessarily limited to.”

A “user” or a “subscriber” includes, but 1s not necessarily
limited to: (1) a single imdividual human; (11) an artificial
intelligence entity with suflicient intelligence to act 1n the
place of a single mndividual human or more than one human;
(111) a business entity for which actions are being taken by a
single individual human or more than one human; and/or
(1v) a combination of any one or more related “users™ or
“subscribers™ acting as a single “user” or “subscriber.”

The terms “receive,” “provide,” “send,” “input,” “out-
put,” and “report” should not be taken to indicate or imply,
unless otherwise explicitly specified: (1) any particular
degree of directness with respect to the relationship between
an object and a subject; and/or (11) a presence or absence of
a set of intermediate components, intermediate actions,
and/or things interposed between an object and a subject.

A “computer” 1s any device with significant data process-
ing and/or machine readable mstruction reading capabilities
including, but not necessarily limited to: desktop computers;
mainframe computers; laptop computers; field-program-
mable gate array (FPGA) based devices; smart phones;
personal digital assistants (PDAs); body-mounted or
inserted computers; embedded device style computers; and/
or application-specific ntegrated circuit (ASIC) based
devices.

What 1s claimed 1s:

1. A computer implemented method for managing
vehicles comprising:

defiming a geographic area as overlapping sub-geographic

regions;
receiving, by one or more computer systems, passenger
data comprising pick-up and drop-ofl location data of
passengers, the pick-up and drop-off location data
associated with different sub-geographic regions;

recording, by the one or more computer systems, the
passenger data in one or more queues corresponding to
one or more pick-up locations of the pick-up location
data;

sending, by the one or more computer systems, informa-

tion associated with a first pick-up location and a first
drop-ofl location to a first vehicle, the first vehicle
located 1n a first sub-geographic region including the
first pick-up location and the first drop-ofl location;
in response to the first vehicle arriving at the first pick-up
location, authenticating a passenger exiting the {first
vehicle at the first pick-up location comprising:
scanning a system provided marker from the passenger
using a device communicating with the one or more
computer systems:
accepting the marker by the one or more computer
systems; and
extracting data of the passenger associated with the
marker by the one or more computer systems;
providing a first queue corresponding to the first pick-up
location according to a capacity of the first vehicle, the
first queue including one or more entries from a pas-
senger ledger of the first vehicle with trip information
ol one or more passengers;
retrieving, by the one or more computer systems, passen-
ger data from the first queue corresponding to the first
pick-up location according to a capacity of the first
vehicle:
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updating, by the one or more computer processors, the
one or more entries of the passenger ledger of the first
vehicle using the data extracted in authenticating the
passenger exiting the first vehicle at the first pick-up
location and the passenger data retrieved from the first
queue;

sending, by the one or more computer systems, informa-

tion associated with the first drop-ofl location and a

second drop-off location to a second vehicle, the second

vehicle located i a second sub-geographic region
including the first drop-off location and the second
drop-ofl location;

in response to the second vehicle arriving at the first
drop-ofl location, authenticating another passenger
exiting the second vehicle at the first drop-oil location
comprising:

scanning another system provided marker from the
another passenger using another device communicating
with the one or more computer systems;

accepting the another marker by the one or more com-
puter systems; and

extracting data of the another passenger associated with
the another marker by the one or more computer

Systems;
providing a second queue corresponding to the first drop-
off location according to a capacity of the second

vehicle;

retrieving, by the one or more computer systems, other

passenger data from the second queue corresponding to
the first drop-oil location according to the capacity of
the second vehicle; and

updating, by the one or more computer processors, a

passenger ledger of the second vehicle using the data
extracted 1n authenticating the another passenger exit-
ing the second vehicle at the first drop-off location and
the other passenger data retrieved from the second
queue.

2. The computer implemented method of claim 1, wherein
sending imnformation associated with a first pick-up location
to the first vehicle comprises:

determiming, by the one or more computer systems, the

first vehicle to minimize total passenger wait time.

3. The computer implemented method according to claim
1, further comprising calculating, by the one or more com-
puter systems, queue length according to future arrivals.

4. The computer implemented method according to claim
1, further comprising using, by the one or more computer
systems, a distributed ledger to record the passenger data.

5. The computer implemented method according to claim
1, further comprising retrieving, by the one or more com-
puter systems, passenger data from the first queue according
to a ranking of passengers 1n the queue.

6. The computer implemented method according to claim
1, further comprising signaling, by the one or more com-
puter systems, matching ridesharing vehicles to new pas-
sengers using at least one of audible and visual markers.

7. A computer system for managing vehicles, the com-
puter system comprising:

one or more computer processors;

one or more computer readable storage devices;

stored program instructions on the one or more computer

readable storage devices for execution by the one or
more computer processors, the stored program instruc-
tions comprising:

program 1nstructions for defining a geographic area as

overlapping sub-geographic regions;
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program 1nstructions for receiving passenger data com-
prising pick-up and drop-off location data of passen-
gers, the pick-up and drop-ofl location data associated
with different sub-geographic regions;
program 1instructions for recording the passenger data in
one or more queues corresponding to one or more
pick-up locations of the pick-up location data;
program 1nstructions for sending information associated
with a first pick-up location to a first vehicle, the first
vehicle located 1n a first sub-geographic region includ-
ing the first pick-up location and the first drop-off
location;
program instructions for authenticating a passenger exit-
ing the first vehicle at the first pick-up location, 1n
response to the first vehicle arriving at the first pick-up
location, comprising:
scanning a system provided marker from the passenger
using a device communicating with the one or more
computer systems:
accepting the marker by the one or more computer
systems; and
extracting data of the passenger associated with the
marker by the one or more computer systems;
program 1nstructions for providing a first queue corre-
sponding to the first pick-up location according to a
capacity of the first vehicle, the first queue including
one or more entries from a passenger ledger of the first
vehicle with trip information of one or more passen-
gers;
program 1nstructions for retrieving passenger data from
the first queue corresponding to the first pick-up loca-
tion according to the capacity of the first vehicle;
program 1instructions for updating the one or more entries
of the passenger ledger of the first vehicle using the
data extracted in authenticating the passenger exiting
the first vehicle at the first pick-up location and the
passenger data retrieved from the first queue;
program 1nstructions for sending, by the one or more
computer systems, information associated with the first
drop-ofl location and a second drop-off location to a
second vehicle, the second vehicle located 1n a second
sub-geographic region including the first drop-ofl loca-
tion and the second drop-ofl location;
program instructions for authenticating another passenger
exiting the second vehicle at the first drop-oil location,
in response to the second vehicle arriving at the {first
drop-ofl location, comprising:
scanning another system provided marker from the
another passenger using another device communicating
with the one or more computer systems;
accepting the another marker by the one or more com-
puter systems; and
extracting data of the another passenger associated with
the another marker by the one or more computer
systems;
program 1nstructions for providing a second queue cor-
responding to the first drop-ofl location according to a
capacity of the second vehicle;
program 1nstructions for retrieving, by the one or more
computer systems, other passenger data from the sec-
ond queue corresponding to the first drop-ofl location
according to the capacity of the second vehicle; and
program 1nstructions for updating, by the one or more
computer processors, a passenger ledger of the second
vehicle using the data extracted in authenticating the
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passenger exiting the second vehicle at the first drop-oil
location and the other passenger data retrieved from the
second queue.

8. The computer implemented method of claim 1, wherein

5 the passenger ledger of the first vehicle and the second
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vehicle 1s a common ledger comprising blockchain technol-
ogy to provide secure authentication and record keeping.

9. The computer implemented method of claim 8, further

comprising recording boarding and departure information of
the passenger of the first vehicle or the second vehicle by
updating ledger entries of the common ledger.

10. The computer implemented method of claim 9,

wherein the common ledger comprises vehicle and passen-
ger combinations, queueing, routing, records of boarding
and departing, and billing information.

11. A computer program product for managing vehicles,

the computer program product comprising one or more
computer readable storage devices and stored program
istructions on the one or more computer readable storage
devices, the stored program instructions comprising:

program 1nstructions for defining a geographic area as
overlapping sub-geographic regions;
program 1instructions for receirving passenger data com-
prising pick-up and drop-off location data of passen-
gers, the pick-up and drop-ofl location data associated
with different sub-geographic regions;
program 1nstructions for recording the passenger data 1n
one or more queues corresponding to one or more
pick-up locations of the pick-up location data;
program 1nstructions for sending information associated
with a first pick-up location to a first vehicle, the first
vehicle located 1n a first sub-geographic region includ-
ing the first pick-up location and the first drop-off
location;
program 1instructions for authenticating a passenger exit-
ing the first vehicle at the first pick-up location, 1n
response to the first vehicle arriving at the first pick-up
location, comprising:
scanning a system provided marker from the passenger
using a device communicating with the one or more
computer systems;
accepting the marker by the one or more computer
systems; and
extracting data of the passenger associated with the
marker by the one or more computer systems;
program 1nstructions for providing a first queue corre-
sponding to the first pick-up location according to a
capacity of the first vehicle, the first queue including
one or more entries from a passenger ledger of the first
vehicle with trip information of one or more passen-
gers;
program 1instructions for retrieving passenger data from
the first queue corresponding to the first pick-up loca-
tion according to the capacity of the first vehicle;
program instructions for updating the one or more entries
of the passenger ledger of the first vehicle using the
data extracted in authenticating the passenger exiting
the first vehicle at the first pick-up location and the
passenger data retrieved from the first queue;
program 1nstructions for sending, by the one or more
computer systems, information associated with the first
drop-oil location and a second drop-off location to a
second vehicle, the second vehicle located 1n a second
sub-geographic region including the first drop-off loca-
tion and the second drop-ofl location;
program 1nstructions for authenticating another passenger
exiting the second vehicle at the first drop-oil location,
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in response to the second vehicle arriving at the first
drop-ofl location, comprising:

scanning another system provided marker from the

another passenger using another device communicating
with the one or more computer systems;

accepting the another marker by the one or more com-

puter systems; and

extracting data of the another passenger associated with

the another marker by the one or more computer
systems;

program 1nstructions for providing a second queue cor-

responding to the first drop-ofl location according to a
capacity of the second vehicle;
program 1nstructions for retrieving, by the one or more
computer systems, other passenger data from the sec-
ond queue corresponding to the first drop-ofl location
according to the capacity of the second vehicle; and

program 1nstructions for updating, by the one or more
computer processors, a passenger ledger of the second
vehicle using the data extracted in authenticating the
passenger exiting the second vehicle at the first drop-oil
location and the other passenger data retrieved from the
second queue.

12. The computer program product according to claim 11,
wherein the program 1nstructions sending information asso-
cliated with a first pick-up location to the first vehicle
comprise:

program instructions for determining the first vehicle to

minimize total passenger wait time.

13. The computer program product according to claim 11,
the stored program 1nstructions further comprising program
instructions for calculating queue length according to future
arrivals.
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14. The computer program product according to claim 11,
the stored program 1nstructions further comprising program
istructions for using a distributed ledger to record the
passenger data.

15. The computer program product according to claim 11,
the stored program 1nstructions further comprising program
istructions for retrieving passenger data from a first queue
according to a ranking of passengers in the queue.

16. The computer program product according to claim 11,
the stored program 1nstructions further comprising program
istructions for signaling matching ridesharing vehicles to
new passengers using at least one of audible and visual
markers.

17. The computer system according to claim 7, the stored
program 1nstructions further comprising program instruc-
tions for retrieving passenger data from a first queue accord-
ing to a ranking of passengers 1n the queue.

18. The computer system according to claim 7, wherein
the program instructions for sending information associated
with a first pick-up location to the first vehicle comprise:

program instructions for determining the first vehicle to

minimize total passenger wait time.

19. The computer system according to claim 7, the stored
program instructions further comprising program instruc-
tions for calculating queue length according to future arriv-
als.

20. The computer system according to claim 7, the stored
program 1nstructions further comprising program instruc-
tions for using a distributed ledger to record the passenger
data.
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